To examine the relation between hospital teaching status and surgical outcomes for both emergency and elective general surgery cases using a national database. Background: Teaching hospitals (TH) have been shown to have better outcomes for complex elective surgical cases when compared with nonteaching hospitals (NTH). Less is known about the effect of teaching status on outcomes for more common procedures, especially where emergency surgical cases are concerned. Worse outcomes seen in this cohort are often attributed to patient disease, but systems level variables such as TH status may also play a role. Methods: We performed a nationally representative retrospective cohort study of surgical admissions during 2000 to 2006 using the Nationwide Inpatient Sample. Patients were included if they were more than 18 years of age and had a general surgical procedure performed on the day of admission. We examined unadjusted and adjusted in-hospital mortality (IHM) and postoperative complications (POC) for elective and emergency patients. Results: We identified 1,052,809 admissions. Patients treated at THs were more likely to be nonwhite and at extremes of income when compared with those treated at NTH. Adjusted outcomes revealed an increased risk of IHM at TH (overall OR = 1.20; 95% CI 1.03-1.40, P = 0.017) for emergency admissions with no difference in IHM seen after elective procedures. Postoperative infections were more likely to occur at TH than NTH after elective procedures (OR = 1.14; 95% CI 1.06-1.17, P < 0.007). Postoperative fistula was more likely to occur at TH than NTH after elective surgery (OR = 1.56; 95% CI 1.32-1.85, P < 0.005) whereas postoperative ileus was less likely to occur at TH than NTH (OR = 0.82; 95% CI 0.74-0.91, P = 0.002). Conclusions: Teaching status is associated with increased risk of IHM after emergency cases. POC profiles also differ by TH status. Investigation of the way in which systems-level variables that differ between TH and NTH contribute to postoperative outcomes may identify novel targets for performance improvement. (Ann Surg 2011;253:1017-1023 the incident hospitalization as defined by an ICD-9-CM procedure code or Clinical Classification Software (CCS) code (2) they had the procedure performed within 24 hours of admission, (3) they were more than 18 years of age, (4) they had a valid (nonmissing) primary surgeon as opposed to a nonsurgeon associated with the admission, and (5) they were admitted electively or emergently. We excluded patients who underwent the surgical procedure more than 24 hours after admission to help reduce the bias associated with divergent patterns of inpatient preoperative care and also to Teaching Status: The Impact on Emergency * P < 0.05. * * Significant when uncorrected P < [(i/m)Q] where i = ascending rank order of P-value, m = 26, and Q = 0.05. B-H indicates Benjamini-Hochberg; OR, adjusted odds ratio for teaching hospitals vs. nonteaching (reference).
T he relation between teaching hospital(TH) status and clinical outcomes has been an area of active investigation for over 20 years. Many studies have demonstrated that compared with their nonteaching peers, TH provide a better quality of care across a broad range of medical conditions including acute myocardial infarction, cerebrovascular accidents, and community acquired pneumonia. [1] [2] [3] [4] Several studies examining the relationship between teaching status outcomes after surgery have been concordant with this view, finding From that TH status is associated with improved outcomes for patients requiring complex elective operations. [4] [5] [6] At both TH and nonteaching hospitals (NTH), successful surgical outcomes are dependent upon a myriad of complex processes of care. Perioperative management of the patient is contributed to by a variety of care providers including physicians from multiple specialties, nurses, social workers, therapists, and in the case of TH resident physicians. Although some specific factors associated with TH status such as the role surgical residents and the academic model have been investigated for surgical patients, [6] [7] [8] [9] [10] it is unclear whether teaching status as a whole has an influence on outcomes after emergency general surgery operations.
Patients requiring emergency surgery are often severely physiologically deranged. Although the technical aspects of emergency surgical procedures may not always be complex, perioperative care of these patients often is. The expert management that yields improved outcomes after complex elective cases in TH might not cultivate improved outcomes in the complex perioperative care of the emergency surgery patient. Specifically, we postulated that outcomes for emergency general surgical cases would differ by TH. We also evaluated outcomes for patients undergoing elective procedures in TH and NTH in the same cohort in an attempt to benchmark our findings and to place our results in the context of previous research.
METHODS Data
We conducted a population-based retrospective cohort study of surgical patients who were hospitalized from 2000 to 2006 using the Nationwide Inpatient Sample (NIS). The NIS is a nationally representative administrative database maintained and distributed by the Agency for Healthcare Research and Quality (AHRQ) as part of the Healthcare Cost and Utilization Project (HCUP). The NIS contains information regarding admissions from more than 1800 acute care US hospitals and represents a 20% sample of all nationwide hospitals. The participating hospitals change on a yearly basis, but the data contains appropriate weighting ratios to account for differences in hospital size, thus ensuring its accuracy as a representative nationwide sample. 11 It records single episode in-patient hospital stay data and ICD-9 codes for diagnoses and procedures. Further details are available at http://www.hcupus.ahrq.gov/nisoverview.jsp.
Patients recorded in the NIS 2000 to 2006 were included in the study if (1) they had a general surgical procedure performed during help impose homogeneity on the emergency cohort. To emphasize outcomes differences between emergency and elective procedures, cases coded as "urgent" case excluded from analysis.
COVARIATES
Teaching status was used as the primary independent variable and was obtained directly from the NIS variable, which records a binary variable for teaching status derived from the American Hospital Associations annual survey of hospitals. A hospital is considered to be a teaching hospital if it has an AMA approved residency program, which is a member of the Council of Teaching Hospitals and has a ratio of full-time equivalent interns and residents to beds of 0.25 or higher. 11 This definition has been shown to be equivalent to others in the literature in a sensitivity analysis performed by Dimick et al. 5 Patient characteristics studied included age, race, sex, insurance status, median income on the basis of the zip code, admission type, and admission source. Hospital characteristics studied including region, bed size, and location were obtained from the NIS database.
To adjust for case-mix, we utilized the Elixhauser comorbidity index. 12 This methodology captures comorbid illnesses present on admission, which contribute to mortality and length of stay and has been previously validated as a reliable method of patient risk stratification. 13 The programming code to create patient level Elixhauser indices within the NIS is available directly from AHRQ. Results are reported as 0, 1, 2, 3+ with "0" indicating the absence of comorbid conditions and "3+" indicating the presence of >3 comorbidities.
To obtain information for individual surgical classes, we utilized the methodology described by Van Bibber et al. 14 . Assignments were based on the first qualifying procedure coded and performed within 24 hours of admission. Each record is only counted once.
Hospital surgical volume was calculated to adjust for confounding by counting the number of general surgery procedures performed at each hospital annually. Each admission was counted only once even if multiple procedures were performed. The median hospital volume was calculated and then each hospital was assigned a status as high or low volume based on the relationship of its volume to the median for the group. A "High" hospital volume was determined to be any hospital having performed more than the median number of pooled procedures in a given year.
OUTCOME VARIABLES
The primary outcome variable was in-hospital mortality (IHM). Secondary outcome variables included postoperative complications. The presence or absence of 11 ICD-9 defined postoperative complications were assessed: respiratory (415. 0 
STATISTICAL ANALYSIS
Initial univariate analyses were performed using χ 2 , Wilcoxon rank sum, and t-test tests where appropriate. Independent variables found to be significant with a P value of <0.05 were included in the multivariate logistic analyses, whereas variables know to have significant impacts on postoperative outcomes (such as the presence of diabetes mellitus) were forced into the model. Multivariate logistic regression models were developed to evaluate the relationship between IHM, individual complications, and teaching status while adjusting for patient, procedure, and hospital characteristics. Adjustment variables in the logistic model consisted of age, sex, race, insurance status, Elixhauser comorbidity score, procedure type, median annual income, urban/rural hospital location, hospital bed size, hospital volume, hospital region, year, and admission source. Variables that have been demonstrated in other studies to contribute to outcomes of interest but which were not found to do so in our univariate analyses (eg, patient median income [16] [17] [18] were forced into the model.
Regression analyses for emergency and elective cases were performed separately. To adjust for multiple comparisons, the Benjamini-Hochberg procedure was used to control the false discovery rate. We used SAS Version 9.2 (SAS Institute Inc. Cary, NC) for data management and STATA version 9.2 (Stata corporation, College station, TX) for all statistical analyses. The survey function of Stata and the sampling weights provided within the NIS were used to generate national estimates.
RESULTS
We identified 1,052,809 admissions treated at 356 TH and 1514 NTH. Baseline patient characteristics are described in Table 1 . Hospital characteristics are displayed in Table 2 .
A greater percentage of complex operations (defined as pancreatic, liver, and stomach or esophageal surgery) were performed at TH than at NTH (56.1% vs. 43.9%, P < 0.001). More bowel procedures were performed at NTH (54.6% vs. 45.4%, P < 0.001). Complex and Bowel procedures represented just over a quarter (28%) of total procedures performed ( Fig. 1 ).
In the unadjusted results (Table 3) , there was no overall difference in IHM in TH versus NTH (1.1% and 1.2%, P = 0.140). However, emergency cases at TH had a higher IHM compared with NTH (2.8% vs. 2.3%, P < 0.001), whereas elective cases at TH had a lower IHM compared with NTH (0.5% vs. 0.6%, P < 0.001). On unadjusted analyses, procedure specific IHM and POC rates often differed by teaching status (Table 3 ).
Adjusted Results
After adjustment for procedure, patient, and hospital characteristics, emergency procedures performed at THs were associated with an increased risk of death relative to NTHs (OR = 1.20, P = 0.017) but there was no association between IHM and teaching status for elective cases (OR = 0.98, P = NS). Hospital volume was associated with improved outcomes for IHM in the elective cohort (OR = 0.84, P = 0.002) whereas there was no significant association between hospital volume and IHM for emergency cases (OR = 0.97, P = 0.571). The adjusted odds ratios for the likelihood of IHM and individual complications by teaching status and admission type can be seen in Table 4 . Wound disruption, postoperative ileus, postoperative infection, and postoperative fistula rates were found to be significantly different between TH and NTH. Wound disruption was significantly more likely after both emergency and elective cases at TH (OR 1.20, P < 0.001 and OR = 1.14, P < 0.001, respectively), as was postoperative infection (OR 1.13, P < 0.001 and OR = 1.14, P < 0.001, respectively). Postoperative fistula was more common at TH than NTH after elective surgery (OR 1.56, P < 0.001), whereas postoperative ileus was less likely at TH than NTH after emergency surgery (OR = 0.82, P < 0.001.) Because of the multiple comparisons used in the analysis of POC, the Benjamini-Hochberg procedure was used to control the false discovery rate ( Table 5 ). After correction, only postoperative ileus after emergency surgery, postoperative fistula after elective surgery, and postoperative infection after elective surgery remained statistically significantly different between teaching and NTH.
Copyright © 2011 Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited. There was no difference by teaching status for the following individual complications: respiratory complications, post-op shock, hemorrhage, post-op stroke, post-op NOS, accidental puncture, foreign body and return to the operating room.
Adjustment variables in the logistic model consisted of age, sex, race, insurance status, Elixhauser comorbidity score, procedure type, median annual income, urban/rural hospital location, hospital bed size, hospital volume, hospital region, year, and admission source.
IHM indicates in-hospital mortality; POC, postoperative complications.
DISCUSSION
In a nationally representative sample of surgical admissions from 2000 to 2006, we report an increased risk of adjusted IHM after emergency surgical admission but not elective surgical admission for general surgical procedures performed in TH compared with their NTH counterparts. Patients at TH and NTHs were admitted with similar degrees of morbidity as demonstrated by the Elixhauser index. In addition, subset analysis demonstrated an increased risk of specific postoperative complications associated with teaching status after adjustment for procedure, patient, and hospital characteristics.
The literature on whether or not TH status confers mortality or morbidity benefit after surgery is not uniform, with some authors showing benefit, 6, 19 whereas others find equipoise. 5, [20] [21] [22] 21 Using data abstracted from the medical record for the VA NSQIP, Khuri et al found no difference in adjusted 30-day mortality for general surgery procedures at TH compared with NTH. 20 The majority of the literature regarding surgical outcomes has focused on complex and/or predominantly elective procedures 5, [23] [24] [25] and is in keeping with our observation within the elective cohort. Our results demonstrating an increased risk of IHM at TH relative to NTH were in an emergency surgery population and need not be construed as contradictory to previous studies on this topic. Others have also reported a discrepancy in outcomes within institutions for elective and emergency procedures. 23 Additionally, in our study, we included both complex and common operations to capture the greatest number of emergency surgery cases. As these cases vastly outnumber complex cases in our sample, this may have lead to a reduction of the protective or neutral effect of TH status seen in other studies that focused on complex cases. As seen in Figure 1 which shows national estimates, over 80% of general surgical procedures performed are not complex, and these cases are distributed across teaching and NTH alike.
It is intuitive and widely accepted that the risk of mortality for the emergency patient is significantly elevated when compared with the elective population. 7, [26] [27] [28] Why this risk should be differentially distributed between TH and NTH is more difficult to explain. One possible explanation is that the involvement of surgical trainees in emergency cases in some way contributes to mortality. At many academic centers attending surgical involvement may be variable in patients requiring emergency surgery. In TH, surgical residents evaluate consults and then discuss their findings with an attending surgeon. This is in contradistinction to NTH where the attending surgeons are typically consulted directly upon the recognition of a potential surgical emergency. Residents often participate in the care of patients throughout the postoperative period, and it is possible that relative inexperience may play a role in increased mortality. Few studies that are not confounded by multiple factors specifically address the presence or absence of resident participation in postoperative care. In a retrospective review of surgery resident participation in patient care and postoperative outcomes at a single center, Hwang et al found resident involvement increased cost and length of stay but not morbidity or mortality. 29 Other studies which have attempted to examine the relationship between resident experience and outcomes (the "July effect") have similarly demonstrated no difference in postoperative mortality. 6, 8, 10 Although the preponderance of the existing literature suggests that resident involvement does not contribute to mortality, these studies were geared toward outcomes after primarily elective cases. It is possible that provider inexperience may contribute significantly to mortality in emergency surgery patients.
Our finding of increased postoperative infections after procedures at TH is consistent with a number of other studies. 20, 21, 24, 30 Using VA NSQIP data, Khuri et al found an increase in wound complications (defined as superficial wound infections, deep wound infections, and wound disruptions) after general surgery at TH versus NTH (4.9% vs. 2.7%, P < 0.001). This association between TH status and wound complication was found to be highly significant in 4 of the 7 specialties that were examined. Beyond wound infections, Duggirala et al found an increased risk of pneumonia and urinary tract infections at THs relative to NTH. In fact, the relationship between an increased risk of infectious complications and TH expands beyond the surgical realm and has been described for a variety of medical diagnoses as well. 31, 32 Although the relationship between TH and infectious complications seems to be robust, the specific factors which contribute have not yet been clearly defined. With specific reference to postoperative infectious complications, it is known that surgical procedures are often longer in TH relative to their NTH peers. Given that length of procedure is a well-described risk factor for postoperative infections, [33] [34] [35] it is possible that this might contribute to outcomes at TH. It has also been suggested that inexperienced care providers and an increased number of patient hand-offs that occur in TH in the era of the 80-hour workweek may in some way contribute to this risk. 29, 30 Surgical case volume has been associated with improved mortality after a variety of complex procedures including pancreaticoduodenectomy, gastrectomy, and esophagectomy. 5, 23 Although our study found that IHM rates were lower at high volume hospitals for elective cases, this relationship did not hold for emergency cases. The reason that volume does not serve as a proxy of performance after emergency surgery warrants further investigation. It is interesting to consider that those processes that contribute to improved outcomes at high volume centers for elective cases may not translate to emergency cases. In keeping with this idea, a recent study using the NSQIP dataset demonstrated no association between the way individual centers perform after elective surgery when compared with emergency cases of the same nature. 26 Without controlling for multiple comparisons, studies that include many statistical tests are at risk of finding intervariable relationships due to chance alone (Type I error). This can make interpretation difficult and raise questions regarding the validity of the results reported. To control the false discovery rate in our study, we used the Benjamini-Hochberg method. Because of this more stringent method of determining statistical significance, the risk of wound disruption was no longer statistically significant between TH and NTH for emergency or elective cases. Despite this, increased risk of wound disruptions at TH trended toward significance for both elective and emergency cases. One potential explanation is that wound infections are increased in TH relative to NTH, and this is a known risk factor for wound disruption. 36, 37 Additional possible explanations do exist however; they are beyond the intended scope of this study.
To our knowledge, this is the first work describing an increased rate of fistula after elective surgery at TH compared with NTH. It is possible that patient factors that may contribute to fistulae such as poor nutrition, malignancy, or inflammatory bowel disease are not equally distributed between TH and NTH but are not adequately controlled for in our model. Further investigation into this finding is warranted. Patients at NTH were found to be at increased risk of postoperative ileus after emergency surgical procedures. One explanation for this finding could be that factors contributing to postoperative ileus (such as narcotic use, early ambulation, or timing of resumption of enteral feeds) may vary in systematically between TH and NTH. Alternatively, patients at risk for ileus may be unequally distributed between the emergency and elective groups by TH status in our sample, leading to a significant but spurious result.
Despite an increase in mortality and in some postoperative complications seen after surgery at TH in this study, academic institutions are a necessity for training physicians but have been shown to have improved outcomes for complex procedures. The future of medicine rests on the success of TH; to claim to see increased mortality after emergency surgery at TH relative to NTH without placing our results in context would be irresponsible. Our findings, presented in Table 3 , are in keeping with previously published literature that report IHM rates for complex elective cases such as esophageal and pancreatic procedures are lower in TH than NTH. 5 Similarly, in our adjusted models for IHM, we demonstrate that high hospital volume favorably impacts on IHM as described numerous times in the literature. 25, 38, 39 The identification of an elevated risk of wound complications, as discussed above at TH has also been confirmed by other studies. 20, 21 Residents must participate in the care of patients to develop surgical skill and clinical judgment. As such, the presence or absence of residents at TH does not represent a modifiable variable in the current education model. For this reason, other processes of care may which may be subject to improvement at TH must be identified. As a result of this realization and other contributing forces, some have called for the development of a new model of care in which acute surgical conditions are cared for by surgeons with a particular focus on these entities. In many models of acute care surgery, attending surgeons take in-house call, ensuring that experienced eyes are never far from the bedside of sick patient. This model was found to reduce time to both consultation and operation and lead to reduced perforation rates in a study of coverage models and appendicitis. 40 A driving premise of acute care surgery is that early intervention leads to improved outcomes, a principle that has been demonstrated across a diverse range of acute disease states including traumatic injury, 41 myocardial infarction, 42 stroke, 43 and sepsis. 44 Within these entities, this knowledge has lead to development of protocols and pathways designed to streamline care which in turn have lead to improved outcomes. [43] [44] [45] Despite widespread use in other time-sensitive disease states, no evidence based algorithms have been widely employed in care of emergency surgical patients. There is room to explore how surgical coverage models and evidence based algorithms or in-house acute care surgeons may lead to opportunities may lead to better outcomes after emergency surgery at both TH and NTH.
LIMITATIONS
Although we report on an extremely large sample size based on the National Inpatient Sample, these data are derived from claims data. Relying on administrative data instead of data derived from review of the medical record does leave open the possibility that our findings are due to unequally distributed patient level variables that are not captured by the NIH dataset. We used the Elixhauser comorbidity index to control for patient comorbidities, but this metric does not control for acute physiologic derangement. Preoperative severity of illness is a strong predictor of mortality after emergency surgery, 46 and it is possible our data does not adequately capture unequally distributed severity between TH and NTH.
It is also possible that variations in practice patterns between TH and NTH could serve to bias results. Because we selected only patients admitted to the service of surgeons, it is possible that sick or medically complex patients may have been preferentially admitted to medical services at NTH thus leading to systemic bias against TH. We also could not adjust for the inclusion of trauma patients in the emergency surgery subset for 2000 to 2003. Trauma victims are often young and without comorbidities but still may present with highly lethal injuries; as such they do not "risk adjust" well. Because many level one trauma centers are also TH, it is plausible that inclusion of trauma cases in the emergency surgery cohort could have skewed our results. It should be noted however, that a subset analysis failed to reveal a statistically significant difference in IHM before and after 2003. It does not seem that trauma admissions make significant contribution to the findings in this study.
Although a large sample size is generally considered to be advantageous in clinical research, extremely large sample sizes such as the one used in this study have the statistical power to detect very small differences in outcomes. Although these differences may be highly statistically significant, the clinical significance of these findings may be less so. With respect to IHM after emergency surgery at TH, we report an OR of 1.20, representing a 20% increased risk of death after emergency surgery at TH vs. NTH. The absolute difference in mortality, however, is only 0.5% corresponding to a relatively small increase in deaths per year after emergency surgery at TH. Although the difference is small, it persists after risk adjustment and may serve as a starting point for further investigations.
In addition, because of the retrospective nature of the study, we can report only associations between TH status and outcomes; we cannot draw conclusions regarding causality.
CONCLUSIONS
Teaching status is associated with differential outcomes in general surgery patients in the United States, a result that is magnified in the population requiring emergency surgery. After adjusting for confounding factors and controlling for multiple comparisons, TH designation is associated with differential outcomes between emergency and elective cases. Patients at TH have an increased risk of IHM after emergency surgery and an increased risk of postoperative infection or fistula formation after elective surgery. Continuing research into factors that may contribute to these differences may lead to opportunities for improvement at both TH and NTH.
